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Introduction

* |nitial studies on gain calibration with CR flux in 3x1x1
has been shown in the past SB

* Now look in detail at the reconstruction performance

* Use sample of muons with well defined input direction
/ momenta to look for systematic effects in track
reconstruction

e Will also show some results produced with a basic
online analysis program for looking at dQ/dx



Muon samples

Events: 1000
Momenum: 4, 40 GeV/c
Polar angle: 45 deg
Azimuthal angle: 72 deg \
Gain per view: 10

Entering from corner
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Muon samples: across diagonal

Events: 1000
Momenum: 4, 40 GeV/c
Polar angle: 72 deg
Azimuthal angle: 72 deg \
Gain per view: 10

Entering from corner
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Azimuthal angle (angle in CRP plane)

4GeV samples
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Polar angle (angle wrt z[drift] axis)
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4GeV samples

2/ ndf 2546/ 29
Constant 202.5 + 6.3
Mean 1+00
Sigma 0.003351 + 0.000066
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The polar angle is reconstructed from the
fitted direction in each view (S, & S) at the
beginning of each track and the
corresponding reconstructed azimuthal angle



3D

path lengths

Polar angle: 45 deg
Azimuthal angle: 72 deg
Geo path length =1414.2 mm
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Total charge budget

140

120[— True value of the effective gain is 20

RecoTotQO/1 is the total charge
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Where do we loose charge?

Sum of charge from all reconstructed hits gives a correct answer,
i.e., 20 (= true effective gain)

The total charge seen from
the hits matches the true
deposited energy
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Where do we loose charge?

Example for 4 GeV muon sample with 8 = 45°

= : bk L cla gl
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Q from hits associated to track
Q from all the reco hits

Note: step in this view is ~14mm =
for 10/3.125 fC/pitch, expect ~140fC
(gain 10 per view)
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for 10/3.125 fC/pitch, expect ~48fC
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Drift D {crn)

Where do we |loose charge

Blue: main track hits
Green: delta rays

View 0 Black: unassociated hits
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The track reconstruction is not picking up hits from isolated charge
depositions or disconnected small or few hit clusters (brem photons)

This is about 1-2% of total charge which is missing from track on average
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Downward muon samples

Events: 1000 per each sub-sample Gain per view: 10

Momenum: 4 GeV/c
Polar angle: 135 deg

Azimuthal angle: 72 deg

|7Event browsing controls

LJEL)

Purity: inf, 1ms (to better see
the effect over 1m drift), 3ms

Run started at Thu Jun 30 09:21:24 2016: Event 25 / 1000
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Adjust constrast
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Simulated raw data

example viewed using
evd.exe
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An event from the sample with purity of 1ms
The decrease in the signal is actually visible by
eye from the waveforms

~50% decrease over 1m (attenuation length is




dE/dx comparison

Charge per step after
purity correction
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CR dEdx basic analysis example

[svn] / WALDSSoft / anautils

Index of /WA105Soft/anautils

See CRTrackAnaDEDX for basic analysis Provide two 2D tracks

/ matched b/w two views
int Process( const LArReco::Track2d*® trke,

const LArReco::Track2d® trkl );

std::vector<TVector3> &Get3dPathe(}{ return fPath3dTrke; }
std::vector<double> RGetQloss@(){ return fDgTrke; }

std::vector<TVector3> &Get3dPathl({}{ return fPath3dTrkl; }
std::vector<double> RGetQlossl(){ return fDgqTrkl; }

double GetMeanQlosse(} const { return fMean dQdxe; }
double GetMeanQloss1l(} const { return fMean dQdx1; }
double GetTotalQlosse() const { return fTotal Q@; }
double GetTotalQlossl() const { return fTotal Q1; }
double GetTotalPathe()} const { return fPathLen®; }
double GetTotalPathl{} const { return fPathLenl; }

Set measured electron

7/ should be in micro seconds I!! . .
vold SetLifetime( double wal ) Ilfetlme (for MC COUld aISO
{ .
fLifetine - val; get pick up true value from
fEleAtten = fvdrift * fLifetime; the run header)
h 14




CR dEdx basic analysis example

[svn] / WALDSSoft / anautils

After processing the event can get

Index of /WA105Soft/anautils several relevant quantities

See CRTrackAnaDEDX for basic analysis 1. dQ/dx,; and associated 3D path

int

points after purity correction
Process( const LArReco::Track2d® trke, .
const LArReco::Track2d® trkl ); * COUId bOOk accumulators Ina
given CRP area or even at the

Divector<TVector3» &Get3dPathe(}{ return fPathadTrke; }

std
std::vector<double> RGetQloss@(){ return fDgTrke; } |eve| Of each Ch (i,e,, 3x3mm2
std: :vector<TVector3:» &Get3dPathl()}{ return fPath3dTrkl; } area) for gain measurements
std::vector<double> RGetQlossl(){ return fDgqTrkl; } 2. TOtaI Charge reconstructed in eaCh
double GetMeanQlosse(} const { return fMean dQdxe; } i i i
double GetMeanQloss1l(} const { return fMean dQdx1; } view after purlty correction
double GetTotalQloss@() const { return fTotal Qo; } 3. Total reconstructed 3D path |ength
double GetTotalQlossl() const { return fTotal Q1; }
double GetTotalPathe() const { return fPathLene; } 4, <dQ/dX> = Total reco Q/Total reco
double GetTotalPathl{} const { return fPathLenl; } path Iength
7/ should be in micro seconds I!!
(o semaremine( dowble val ) It should be possible using these quantities
fLifetime = wval; . . . . .
e L ieiife « fLifevine, to b.UI/d a vque}‘y of d/strlbut!on / plots for
} online monitoring of CRP gain
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Example distributions

Prepared a small sample of 1000 CR in 3x1x1 detector: no pre-selection on
direction or path, i.e., trigger counter planes
The distributions are built from ~500 CR selected for analysis in this study

Sum of mean dQ/dx from each view
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Truncated means
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RecoTrMeanDQO+RecoTrMeanDQ1 (fC/mm)

To look at relative gain differences between different CRP segments should try to
use truncated mean, since this distribution is much narrower (o ~ 3% in this

example) giving a better sensitivity to possible gain variations from region to region
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Example distributions

Look for gain variation using reco CR tracks

Truncated means True Effective Gain 22
T TTTTTTT T T T T TR True Effective Gain 20 T
120__ J True Effective Gain 19 —_
N 1 True Effective Gain 18
10{}_— __
- ] True Fitted mean Ratio to Expected
R0
- gain (fC/mm) nominal ratio
60_— B B 19.13 1.096
B | 20 17.45 — —
40:_ 16.52 0.947 0.95
20— 15.63 0.896 0.90
N e |0 e i

90712 14 16 18 20 22 24 26 28 30
TrtM,, + TtM, [fC/mm]

Can reproduce simulated gain change to within a fraction
of a percent with ~500 CR tracks 17



Truncated mean dQ/dx from track points seen by each LEM normalized to Tr<dQ/dx>
from all track points € average over all LEMs (but could also take one of the LEMs
as a reference and normalized others wrt it)

View 0 View 1 Sum
150pmmme— LOS 150pmmm ] 1.05 150pmmmm— 1.05
: ] 1.04 - } 1.04 - ] 1.04
i ] —1.02 i ] _ i -
500 J 0 500 5 1.02 500 B 1.02
O 3 -1 O - -1 OF 4 Al
- ] =0.99 - ] ~0.99 I ~0.99
~100" - 0.97 ~100F E 097 _1ooF
] ] 0.96 : ] 0.96 i
1500 e 0.95  —150f ] 0.95  —1500 ]
-50 0 50 -50 0 50 -50 0

The changes seen here from LEM to LEM <2% are due to fluctuations (should

be reduced with larger statistics = to check) as all LEMs have equal gain in MC

To give an idea: from ~500 CR one has ~4000 dQ/dx (but 30% of them are then

truncated) samples per 50x50cm? 18



Charge sharing between collection views

T "1
100 —
B 2 | ndf 56.96 / 33
80— X
- Constant 81.55 £+ 6.25
~ Mean 0.002129 =+ 0.000957
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20— —
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Charge collection assymetry

_ <dQy/dx >—-<dQ./dx >
© <dQy/dx >+ < dQ,/dx >

=» Should be 0 for equal charge sharing
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The End

Showed example distributions produced from a basic dQ/dx
analysis that could be integrated into online monitoring

e Of course each quantity of interest should be monitored as function
of time as well

Code is committed

Format of the raw data files produced by DAQ has been defined

Need to add the decoder functions to the event manager for
reconstruction / event viewing

* For uncompressed data stream
* Compressed data stream

Once finished will run benchmarking to ensure get identical
results



